Introduction: Smoking denormalization has been paralleled by reduced smoking prevalence, but smoking rates among socioeconomically disadvantaged populations remain high. The social unacceptability of smoking has also led to increased perceptions of smoking-related stigma. By examining how smoking stigma influences cessation intervention effectiveness, we can better tailor interventions to socioeconomically disadvantaged smokers. Aims and Methods: Data are from a randomized controlled trial evaluating the effectiveness of a proactive cessation intervention on abstinence. Current smokers enrolled in Minnesota Health Care Programs were randomized to proactive outreach (n = 1200) or usual care (n = 1206). The intervention included mailings, telephone outreach, counseling, and access to free cessation treatments. Using baseline measurements, groups with lower (n = 1227) and higher (n = 1093) perceived stigma were formed. Intervention, stigma, and their interaction term were added to a logistic regression modeling abstinence at 12 months. Results: Lower perceived smoking-related stigma was associated with less support for quitting, lower rates of physician quitting advice, and less motivation for quitting. A logistic regression modeling abstinence found a significant intervention × stigma interaction. The proactive intervention was more effective among smokers with lower perceived smoking-related stigma (odds ratio 1.94, 95% confidence interval, 1.29 to 2.92) than those with higher perceived smoking-related stigma (odds ratio 1.04, 95% confidence interval, 0.70 to 1.55). Discussion: Smokers with lower perceived smoking-related stigma had social environments that were conducive to smoking, received less physician advice to quit, and were less motivated to quit than higher stigma smokers. Despite these barriers, the intervention was more effective for lower stigma smokers, suggesting that proactive outreach is an efficient treatment for these hardto-reach smokers. Implications: Smoking denormalization has led to increased perceptions of smoking-related stigma among many smokers; however, little is known about how this stigma influences the cessation process. In the present study, smokers with lower levels of perceived smoking-related stigma lived in social environments that were more conducive to smoking and were less motivated to quit
Introduction
The past several decades have seen a dramatic decline in the rate of smoking in the United States, with a current prevalence of less than 17%. 1 One proposed mechanism for this reduction in smoking prevalence is the process of smoking denormalization, 2 which aims to reduce smoking rates by making it more difficult for individuals to continue to smoke. Examples of smoking denormalization include media campaigns expounding the dangers of smoking, the proliferation of clean indoor air laws, and employer-based incentives for quitting smoking. [2] [3] [4] [5] Smoking denormalization has been associated with clear public health benefits, [6] [7] [8] but policy approaches to smoking reduction can have the unintended effect of instituting a form of structural discrimination that can impinge on the social and economic opportunities available to continuing smokers. 3, [9] [10] [11] This can lead to stigmatization when smokers internalize feelings of shame or emotional discomfort for engaging in a behavior that is perceived to be socially unacceptable, irresponsible, or immoral. 11 Although the overall prevalence of smoking has decreased, the smoking disparity between populations of high and low socioeconomic status continues to grow. Indeed, the prevalence of smoking among those below the poverty level is greater than 26%, compared to 15% among those at or above the poverty level. 1 One possible mechanism for the widening socioeconomic disparity in smoking prevalence are the stringent antismoking policies associated with smoking denormalization, policies which have increased the geographic and cultural segregation of socioeconomically disadvantaged smokers. 9, 11 The creation of these "smoking islands" 9, 11 can have the counterintuitive effect of increasing the social acceptability of smoking within socioeconomically disadvantaged populations, 9 ,11 thereby reducing perceptions of smoking-related stigma and contributing to the perpetuation of smoking. 2, 7, 12 Thus, while smoking denormalization is associated with heightened perceptions of smoking-related stigma among those of higher socioeconomic status, it appears to have the opposite effect among socioeconomically disadvantaged populations.
Many health-related stigmas, including those associated with conditions like AIDS and mental health disorders, give rise to negative psychosocial consequences including perceived discrimination, social rejection, and lowered self-esteem. 13, 14 However, the effects of smoking-related stigma are more complex. 10 Research has shown that smoking-related stigma is associated with deleterious health behaviors, including a reluctance to seek cessation assistance and a tendency to conceal smoking behaviors from one's health care provider. 15 Conversely, it has also been shown that increases in smokingrelated stigma are associated with lowered smoking prevalence at the state level and increased intention to quit at the individual level. 12 Furthermore, perceptions of the social unacceptability of smoking are associated with lowered smoking prevalence at the state level 12 and increased likelihood of abstinence at the individual level. 2 Thus, in addition to smoking denormalization policies that make it more difficult to be a smoker, perceptions of smoking-related stigma may also contribute to reductions in smoking prevalence.
Socioeconomically disadvantaged smokers who are motivated to quit experience considerable barriers to achieving cessation. At the psychosocial level, socioeconomically disadvantaged smokers tend to view smoking as a normative behavior 9, 11 and have lower self-efficacy, 16 factors which are strongly associated with a reduced likelihood of cessation. 17, 18 At the health care provider level, many physicians lack the time or motivation to discuss cessation treatments with socioeconomically disadvantaged smokers 19, 20 and often do not discuss these treatments in a culturally sensitive manner. 21 As such, proactive cessation strategies, which promote heightened contact with smokers and facilitate access to free cessation treatment, may be a particularly effective approach for minimizing psychosocial and provider-based barriers to treatment among socioeconomically disadvantaged smokers. Furthermore, proactive outreach interventions have previously been shown to be effective in other socioeconomically disadvantaged populations 22 and among Veterans, 23 suggesting that population-based outreach strategies are a promising approach to smoking cessation for disadvantaged and vulnerable populations.
In this secondary analysis of a randomized controlled smoking cessation trial for socioeconomically disadvantaged smokers, our aims were twofold. First, we sought to better understand smoking-related stigma by examining the correlates of this stigma with respect to mental health, social environment characteristics, health care provider experiences, smoking history, and psychosocial beliefs. Next, we evaluated whether baseline perceptions of smoking-related stigma impact the effectiveness of a proactive cessation intervention.
To date, no studies have explored how smokers' perceptions of smoking-related stigma influence the effectiveness of cessation interventions. On one hand, smokers who perceive greater stigma might benefit more from a proactive cessation intervention as they may have more extrinsic motivation to quit and would make better use of the opportunity for assisted cessation. On the other hand, smokers who perceive lower levels of stigma might benefit more from a proactive smoking cessation intervention as it is designed to facilitate access to cessation treatments, thus making the prospect of cessation seem less arduous for smokers who may be less ready to quit. As such, our primary aim was to examine the role of baseline perceptions of smoking-related stigma as a potential moderator of the effectiveness of a proactive outreach intervention with respect to rates of 6-month prolonged abstinence at 12-month follow-up.
Methods

Study Design
The data presented here were obtained from a two-group randomized controlled trial that demonstrated the effectiveness of a proactive care tobacco cessation outreach intervention, compared to usual care, for increasing population-level 6-month prolonged abstinence at 12-month follow-up. 24 The study surveyed adults enrolled in Minnesota Health Care Programs (MHCP) and randomized responding smokers to intervention arms. MHCP is a state-funded health insurance plan for low-income Minnesota residents composed of two publicly subsidized health care assistance programs: Medicaid and MinnesotaCare. Baseline survey stigma measure data were used to categorize respondents into lower stigma (n = 1227) and higher stigma (n = 1093) groups.
Proactive Care Intervention
The proactive care intervention was designed to overcome the health care provider and psychosocial barriers to smoking cessation treatment experienced by low-income smokers and had two primary components. The first component involved a system of proactive outreach in the form of tailored mailings and telephone calls. An invitation packet describing the tobacco treatment services available to MHCP enrollees was sent to those in the intervention arm. Participants then received an outreach call from a counselor trained in motivational interviewing and cessation treatment. The call was meant to (1) provide motivational advice on how to quit smoking; (2) promote self-efficacy; (3) encourage individuals to participate in cessation treatment; and (4) provide information on the safety, efficacy, and benefits of nicotine replacement therapy.
The second component involved facilitated access to free, comprehensive cessation treatment. An 8-week course of nicotine replacement therapy was mailed directly to participants before their target quit date. Participants were also offered intensive, telephonebased behavioral counseling. This counseling involved a motivational interviewing and cognitive-behavioral approach to addressing substance abuse.
Usual Care
Participants in usual care had access to the existing smoking cessation care structure provided by the MHCP system. All MHCP enrollees have a primary care provider and may consult with their provider to receive cessation treatment. Thus, participants assigned to usual care were able to receive similar cessation treatment options as those offered to the intervention group. However, participants in usual care were not specifically invited to receive cessation treatment or provided with facilitated access to these treatments and had to self-initiate contact with their provider in order to obtain treatment.
Measures
Abstinence A self-report measure assessed 6-month prolonged abstinence at 12-month follow-up. 25 Participants who reported smoking at least once on seven consecutive days or at least once on two consecutive weekends in the 6-month period prior to the follow-up survey were considered continuing smokers. As per the Society for Research on Nicotine and Tobacco workgroup recommendations, 25 a prolonged abstinence measure was chosen because the not-even-a-puff criterion "is overly stringent in that it counts as failures long-term abstainers who have a single slip". Furthermore, at the time of study implementation 6-month prolonged abstinence was considered the gold standard for smoking cessation trials.
Stigma
Perceptions of smoking-related stigma were assessed using a measure adapted by Stuber et al. 11 from the Mental Health Consumers'
Experience of Stigma Scale developed by Link et al. 26, 27 This measure used a mean score of seven items, with each item assessed on a scale from 1 to 5 and higher scores indicating greater perceptions of smoking-related stigma. Examples of items include, "I have worried that others view me unfavorably because I smoke" and "I have been treated as less intelligent by others because I smoke" (see Supplementary Figure 1 ).
Demographics
Race/ethnicity, education, employment status, and income, in addition to the stratification variables of sex, age category, and insurance program were assessed at baseline from administrative records and survey.
Mental Health
The anxiety measure was created by taking the sum of seven items from the Patient-Reported Outcomes Measurement Information System instrument. Items were assessed on a scale from 1 to 5, with higher scores indicative of greater anxiety. The depression measure was created by taking the sum of two items from the PatientReported Outcomes Measurement Information System instrument. 28 Items were assessed on a scale from 1 to 4, with higher scores indicating greater depressive thoughts.
Smoking History
Standard questions from the California Tobacco Survey 29 and the CDC Behavioral Risk Factor Surveillance System 30 assessed smoking history, including lifetime duration of smoking, time until first cigarette, and past-year quit attempts.
Health Care Provider
Access to Health Care A composite variable measuring access to health care was created by taking the sum of five items assessing participants' perceptions of their transportation-related difficulties, difficulties obtaining a prompt appointment, pre-existing work or family responsibilities, difficulties with the cost of care, and difficulties with medication costs. Items were assessed on a three-point scale, with higher scores indicating greater health care provider barriers. Analyses run on the resulting summary measure for these items produced a Cronbach's alpha reliability score of 0.71. Participants were also asked if they had a regular doctor.
Health Care Provider Cessation Advice
Healthcare Effectiveness Information and Data Set tobacco performance measures 31 assessed participants' past-year experiences with their health care providers, including receipt of any cessation-related care, advice to quit, to use cessation products, or ways of quitting other than products.
Health Care Provider Bias/Cultural Competence
A composite variable to describe potential provider bias was created by taking a mean score from three items on the Physician Bias and Interpersonal Cultural Competence Measures Scale. 32 These items assessed the participants' perceptions of being treated with respect by their doctor, their doctor's understanding of the participant's background and values, and the perception that the doctor looks down on the participant's way of life. Items were assessed on a scale from 1 to 5, with higher values indicating greater physician bias.
Analyses run on the resulting summary measure for these items produced a Cronbach's alpha reliability score of 0.74.
Social Environment
Social Support A composite variable measuring perceived social support for cessation was created by taking the mean of two support-related variables. 29 This variable was assessed on a scale from 1 to 5, with higher scores indicating greater support. Analyses run on the resulting summary measure for these items produced a Cronbach's alpha reliability scores of 0.53.
Social Norms
Participants reported the proportion of their close friends and family who smoked.
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Home Environment
Participants indicated whether they lived with a child under the age of 18 and whether they lived with another smoker. Another measure assessed smoking rules within the home, categorized as "Smoking is not allowed anywhere," "Smoking is allowed in some places or at some times," or "Smoking is allowed everywhere". 29 
Cessation Beliefs
Self-Efficacy Self-efficacy for quitting was assessed on a scale from 1 to 10, with higher values indicating greater confidence in quitting. 
Readiness to Quit
Readiness to quit on a scale from 1 to 10 was assessed using the Contemplation Ladder, with higher values indicating greater confidence in quitting. 34 
Cessation Treatment Utilization
Participants indicated whether they had used cessation medication or behavioral counseling in the past year.
Statistical Analysis
A median split of the baseline smoking-related stigma measure was used to separate participants into stigma categories. Although the original stigma measure is based on items assessed on a five-point scale, using this measure in a more categorical fashion does have precedent in the literature as Stuber et al. have previously used this measure to separate participants into "high, medium, and low" categories. 11 As such, participants with a mean score of 2 or lower were classified as having lower perceived stigma (n = 1227); those with a mean score of greater than 2 were classified as having higher perceived stigma (n = 1093). The lower and higher stigma groups were then compared across baseline demographics, smoking history, health care provider characteristics, social environment characteristics, and cessation-related psychosocial beliefs using two-sample t tests and Pearson chi-square tests.
A logistic regression modeled 6-month prolonged abstinence at the 12-month follow-up using intervention condition (proactive outreach vs. usual care), stigma group (lower vs. higher), and an intervention by stigma interaction term as predictors. This model also controlled for the stratification variables of sex, age, and insurance program.
Given the significant intervention by stigma interaction, two simple effects models were estimated for the lower stigma and higher stigma groups, respectively. These logistic regressions modeled 6-month prolonged abstinence at 12-month follow-up with intervention condition as the predictor, while controlling for sex, age, and insurance program. Adjusted odds ratios (aORs) and 95% confidence intervals (CIs) are reported for the predictors in these models.
Missing Data
In the regression models performed, there were 252 (19%) and 249 (23%) missing observations, respectively, for the lower and higher stigma groups due to either missing stigma measures or missing abstinence outcomes. As part of the larger study, an iterative regression model process was employed to impute 10 complete imputed versions of the baseline survey data. 35 The relative efficiencies of this finite imputation process, using 10 imputations, were greater than 0.98; similarly, across the different survey measures, the increase in variance stemming from the missing data ranged from near 0 to 0.15 with a median of 0.02 and 90% less than 0.07. Importantly, for the stigma measure considered here these measures were 0.997 and 0.026, respectively.
To address the potential for informative nonresponse bias in the analyses of our abstinence outcome, we fit a series of selection model analyses. These analyses jointly modeled the conditional distributions of prolonged abstinence and of observation of the prolonged abstinence outcome. The conditional distribution of the abstinence outcomes was modeled using a logistic regression model assuming the log odds of abstinence depends on age, gender, health care program, study intervention received, stigma, and an interaction between intervention and stigma as in the analysis described above; however, here this model was fit to all participants as discussed below. In this sensitivity analysis, the conditional distribution for whether we observed a participant's abstinence outcome was modeled using each of the following four different logistic regression models: The first of the models was chosen based on the analyses outlined in the study by Fu et al. 36 where this model was one of the better performing selection models for analyzing the study outcomes. These models were fitted by including two observations for those with missing outcomes, one where the outcome is abstinence and one where the outcome is continued use; these observations were initially equally weighted and the weights then updated iteratively to find the maximum expected likelihood estimates for the joint model parameters using the expectation-maximization algorithm of Ibrahim and Lipsitz. 37 The selection models were fitted to each of the imputed data sets, and the results were aggregated using standard methods for multiple imputation as described by Rubin.
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Results
Study Setting and Participants
Baseline surveys were mailed to 21,181 prospective participants aged 18-64 who were MHCP clients. The baseline response rate was 44%, with 9362 surveys returned. Eligible participants (1) had a valid home address, (2) were proficient in English, (3) and reported being a current cigarette smoker (having smoked a cigarette in the past 30 days, even a puff). Among the respondents, 6826 individuals did not meet study inclusion criteria, 130 declined to participate, and the remaining 2406 were enrolled and randomized.
Overall, rates of employment within our socioeconomically disadvantaged sample were low (51%), and the majority (68%) of participants' annual household incomes were $20,000 or less.
Baseline Comparison of Lower and Higher Perceived Smoking-Related Stigma Groups
Participants in the lower perceived smoking-related stigma group were more likely to be male, less educated, and to have lower incomes than those in the higher stigma group. Participants in the lower stigma group also reported lower levels of anxiety and depression (all p < .001) ( Table 1) .
Those in the lower stigma group were less likely to report that their physician had advised them to quit smoking and were less likely to have received cessation-related care from their health care provider. Those in the lower stigma group reported lower levels of physician bias than the higher stigma group (Table 1) .
Participants in the lower perceived stigma group reported lower levels of social support for quitting, had greater proportions of friends and family who were smokers, were more likely to live with another smoker, and had more lax home smoking rules than those in the higher perceived stigma group (Table 1) .
The stigma groups did not differ greatly on measures of nicotine dependence. However, the lower stigma group had a lower proportion of participants who had made a quit attempt in the past year and were less likely to have used cessation treatment in the past year than the higher stigma group (Table 2) .
Prolonged Smoking Abstinence by Stigma Group
We observed a significant interaction between intervention arm and perceived stigma group (p = .027).
In the lower perceived stigma group, participants in the proactive outreach condition had significantly higher odds of prolonged abstinence than participants in the usual care condition (16.4% vs. 9.4%, aOR = 1.94, 95% CI: 1.29 to 2.92, p = .001) ( Table 3 ). In the higher perceived stigma group, treatment condition was not associated with prolonged abstinence (15.1% vs. 14.8%, aOR = 1.04, 95% CI: 0.70 to 1.55, p = .846) ( Table 3) .
Selection Model Analyses
Four selection model analyses examined potential informative nonresponse bias in the analyses of our abstinence outcome. Although the estimates for the interaction between intervention condition and stigma group were no longer statistically significant, for each of the selection model analyses, the estimated abstinence ORs and associated CIs for the higher and lower stigma groups as well as the estimated interaction effect were similar to those obtained in the original data analyses (Table 4) .
Discussion
The first aim of the present study was to explore differences between smokers who perceive lower versus higher levels of smoking-related stigma. Consistent with past research, 2,11 lower stigma smokers had lower incomes, less education, and were more likely to be non-White than their higher stigma counterparts. With respect to our primary aim, a significant intervention by perceived stigma interaction was observed. In the lower stigma group, participants in the proactive outreach condition had significantly higher rates of prolonged abstinence than participants in the usual care condition. We did not observe a significant intervention effect in the higher stigma group.
In addition to replicating the socioeconomic correlates of smoking-related stigma, the present study adds to the existing literature by exploring associations between perceived smoking-related stigma and mental health, health care provider experiences, and social environment characteristics. Consistent with research on other forms of health-related stigma, 13, 14 lower smoking stigma was associated with better mental health within our sample. Specifically, lower stigma smokers reported lower levels of anxiety and depression than higher stigma smokers. These results suggest that the discrimination, prejudice, and moral condemnation associated with engaging in this stigmatized behavior may be deleterious to mental health, although the cross-sectional nature of our data makes it difficult to assert a causal relationship.
With respect to health care provider experiences, lower perceived stigma smokers were less likely to report that their physician had advised them to quit or that they had received any cessation-related care in the past year than higher stigma smokers. Furthermore, lower stigma smokers reported lower levels of physician bias than higher stigma smokers. These results may reflect the lower readiness to quit observed among lower stigma smokers, as well as social norms that are more supportive of smoking.
In terms of social environment, lower stigma smokers reported less social support for quitting, had larger proportions of family and friends who were smokers, were more likely to reside with another smoker, and had less restrictive home smoking rules. These findings suggest that lower stigma smokers live in environments that are more amenable to smoking and less supportive of quit attempts or abstinence. Within the context of the "smoking islands" phenomenon, 9 the lower perceptions of stigma among socioeconomically disadvantaged smokers may be due to the geographic and cultural isolation of these populations. Even within our predominantly lowincome sample, lower stigma smokers belonged to social groups that contained more smokers, where smoking is a more socially acceptable behavior, and quitting is not supported. Surprisingly, lower and higher perceived stigma smokers exhibited few differences with respect to nicotine dependence. This may relate to the similar age distribution of these groups, a factor which is strongly associated with nicotine dependence. 39 However, lower stigma smokers were much less likely to have engaged in a quit attempt or to have used any cessation treatment in the past year than higher stigma smokers. Taken in conjunction with the lower readiness to quit observed in this group, it appears that lower stigma smokers are less ready to quit and less likely to take steps toward achieving abstinence.
These baseline comparisons indicate that the lower perceived stigma smokers in our sample were less likely to have received cessation-related care from their health care providers and tended to occupy social environments that were more conducive to smoking. With respect to cessation-related beliefs and behaviors, lower stigma smokers exhibited less readiness to quit and were less likely to have made a quit attempt or to have used cessation treatment in the past year. In light of these baseline differences, the primary aim of the present study was to explore the role of perceived smoking-related stigma as a potential moderator of the effectiveness of the proactive cessation intervention with respect to 6-month prolonged abstinence at 12-month follow-up. We observed a significant intervention condition by stigma group interaction. Within the lower stigma group, the proactive outreach group reported significantly higher rates of prolonged abstinence than the usual care group (16.4% and 9.4%). We did not observe a significant intervention effect within the higher perceived stigma group, with both the proactive outreach and usual care group reporting relatively high rates of prolonged abstinence (15.1% vs. 14.8%). The high abstinence rates across both proactive outreach and usual care suggest a heightened underlying propensity for engaging in successful quit attempts among higher stigma smokers, a finding which is consistent with past research. 12 The significant treatment effect observed among the lower perceived stigma smokers is particularly promising when viewed within the context of cessation treatment availability for smokers enrolled in publically subsidized health care programs. Conventional wisdom suggests that cost-based concerns would be the primary barrier to cessation treatment among low-income smokers. However, smokers enrolled in MHCP have access to free cessation medication and counseling, 40 suggesting that other factors account for the low rates of cessation treatment utilization. Our analyses indicate that lower stigma smokers are less likely to receive cessation-related care from their health care provider, have social environments that are more conducive to smoking, and are less ready to quit; factors which may engender low rates of treatment utilization and quit attempts. These findings suggest that lower perceived stigma smokers are hard-to-reach population for cessation efforts, and the treatment effect observed provides strong evidence for the utility of proactive outreach strategies as means of both motivating lower stigma smokers to engage in treatment-facilitated quit attempts and a means of achieving abstinence.
Limitations and Future Research
With respect to the baseline analyses, the dependent and independent variables were measured at the same time so temporal relationships among these variables are unclear. Indeed, although higher stigma was associated with poorer mental health at baseline, it could be case that poor mental health leads to negative perceptions of how one is viewed, which could manifest as heightened perceptions of smoking stigma. Additionally, as these data were obtained from smokers who consented to participate in our trial, findings may not extend to the general population of smokers on state-funded insurance plans. It must be stressed that these analyses were conducted among low-income smokers, and these findings may not extend to smoking populations with a broader socioeconomic gradient. Indeed, future research should explore these associations within a more socioeconomically diverse population to gain a more complete understanding of the relationships between socioeconomic status, perceptions of smoking-related stigma, and the effects of proactive cessation strategies.
Conclusions
Given the high prevalence of smoking among socioeconomically disadvantaged populations, the development of effective cessation treatment strategies for these smokers is a public health priority. Our study demonstrates that proactive outreach interventions are an efficient cessation strategy for lower perceived stigma smokers, a group with unique health care provider, social environment, and psychosocial-related barriers to cessation. As such, we recommend that proactive outreach strategies be more widely implemented among populations with the highest prevalence of smoking, particularly low-income and ethnic minority groups, for whom smoking is more socially acceptable and less stigmatized. Proactive outreach may be particularly effective for motivating smokers enrolled in subsidized health insurance programs, who already have access to free cessation treatments, to take advantage of these resources.
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